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HEAT SEALING POLYOLEFINS 



The present invention relates to a method of sealing together 
polyolefin elements by heat sealing. The invention further 
relates to a package comprising a container body and a closure 
for the container body and heat sealed thereto. The invention 
yet further relates to a flexible pouch comprising two films 
heat sealed together. The invention yet relates to multi- 
layer polyolefin films. 

It is known to heat seal polymers together, in particular for 
the manufacture of packaging. The strength of the seal varies 
depending upon the particular packaging application. The seal 
can range from strong and permanent to weak and temporary. 
For some packagings, it is desirable to produce a peelable 
seal between two films or between a closure and a container 
body. In this specification, a peelable seal means that the 
seal can be disrupted or broken by exerting a tensile or shear 
stress on one or two parts of the seal without breaking the 
parts . In the production of such peelable seals it is 
desirable to impart to the seal the required strength so that 
the seal is sufficiently strong for sealing the packaging 
during use, but sufficiently weak so that the seal can readily 
be broken by peeling as and when required by a user. 

Films made from some polymers are sometimes difficult to seal 
reliably so as to achieve the desired seal. Moreover, when 
the polymers can be sealed, the strength of the seal is 
dependent on the sealing temperature, which usually lies in a 
very narrow range of temperatures, typically from 2 to 5°C. 
Too low a sealing temperature results in very poor strength 
seals, whereas too high a sealing temperature results in 
brittle seals. The provision of such a very narrow range of 
temperatures not only makes it difficult to tailor the 
strength of the seal over a range of potential strengths but 
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also means that the achievement of the required seal is 
sometimes difficult to obtain reliably. 

In the manufacture of heat seals, a number of techniques are 
known to produce seals from two different polyolef ins , namely 
polypropylene and polyethylene, which are generally difficult 
to seal together. It is known that polypropylene and 

polyethylene are physico- chemically semi -compatible or 
incompatible which renders them difficult to seal together. 
This physico-chemical incompatibility results in a substantial 
absence of mutual entanglement of polyethylene and 
polypropylene polymer chains when submitted to pressure in the 
molten state, in the case for example of heat sealing films 
under pressure or blending polymers in an extruder. For 
example, it is known to blend a semi -compatible or 
incompatible polymer such as polyethylene into polypropylene 
to define a two phase system. This blend can be sealed to a 
material made of polyethylene. In general, the compatibility, 
and hence the strength of the seal, of polyethylene with 
polypropylene increases when the amount of comonomer in the' 
polyethylene increases. In addition, in general linear low 
density polyethylenes (LLDPE) are more compatible with 
polypropylene than low density polyethylenes (LDPE) . It is 
further known that the compatibility of an alpha-olefin 
propylene copolymer with polyethylene can be improved if the 
amount of comonomer in the propylene copolymer increases. 
Furthermore, the blending of random alpha-olefin propylene 
copolymers into homopolymer polypropylene improves the sealing 
compatibility of the polypropylene with polyethylene. In 
addition, ionomers can be blended into polypropylene to 
improve the sealing compatibility with polyethylene, for 
example the ionomer may comprise the material known as Surlyn 
(registered trade mark) made and sold by the company Du Pont 
de Nemours . 

Despite these known techniques, there is still a need in the 
art for heat sealing methods which enable the strength of the 
heat seal to be tailored over a broad range. There is also a 
need in the art for the heat sealing method to be able to 
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employ a broad range of heat seal temperatures which may 
readily be implemented into mass production for achievement of 
reliable seals of required strength. There is further a need 
in the art for enhancing the heat seal compatibility of 
polyolefins, in particular polyethylene and polypropylene. 
There is yet further a need in the art for a heat sealing 
method which enables the strength in the seal readily to be 
tailored to provide a seal strength varying from a peelable 
,seal to a strong seal . There is a further need for a means to 
improve the physico-chemical compatibility of polyethylene and 
polypropylene in compounded blends of such polymers. 

It has also been known in the art to provide multi- layer 
polyolefin films comprised of layers of polypropylene and 
polyethylene whereby the different materials for the different 
layers impart different characteristics to the multi-layer 
films. For example, a multi-layer film is known comprising a 
polypropylene layer with one or more adjacent layers of low 
density polyethylenes . The layers are bonded together by 
adhesive polymers disposed between the layers. However, such 
films have not been commercially successful since they require 
the additional adhesive layers. Linear low density 

polyethylene (LLDPE) and more recently, very low density 
polyethylene films (VLDPE) which have been polymerised using 
metallocene catalysts have been applied as heat sealing layers 
to a polypropylene core layer. The polypropylene layer 
provides good rigidity to the multi -layer film, optionally 
coupled with good heat shrinkage properties, and the outer 
very low density polyethylene layers or LLDPE enable the 
multi-layer film to be heat sealed. However, these films have 
a low thermal stability causing failure of the heat seal. The 
VLDPE layers are also tacky to the touch, which is undesirable 
for some applications. 

There is therefore a further need in the art for multi-layer 
polyolefin film comprising layers of polypropylene and 
polyethylene which do not require such adhesive polymers. 
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The Derwent Abstract of JP-A-07-276585 discloses a biaxial 
oriented polypropylene film comprised of a polypropylene base 
layer laminated on one side by either a syndiotactic 
polypropylene layer or a syndiotactic polypropylene and 
isotactic polypropylene layer and on the other side by a heat 
sealing layer. 

The Derwent Abstract of JP-A- 07 -223303 relates to 
polypropylene laminated film comprised of a lamination 
material layer to at least one side of a base layer made of 
isotactic polypropylene. The lamination material layer 

contains as a major component a syndiotactic polypropylene 
homopolymer or a syndiotactic polypropylene copolymer. 

The Derwent Abstract of JP-A-09-239927 discloses a laminated 
stretch shrink film comprising at least three layers. The 
core layer contains a mixture of 30-80wt% of a crystalline 
polypropylene and 20-70wt% of a syndiotactic polypropylene 
whereas the innermost and outermost layers contain a mixture 
of 10-60wt% of an ethylene/alpha olefin copolymer with 40-' 
90wt% of a polyethylene, each having a respective density 
range and the density of the polyethylene being higher than 
that of the copolymer. 

EP-A-0484817 discloses a polyolefin heat-sealable packaging 
film comprising an isotactic polypropylene base layer and at 
least one top layer comprising a copolymer of an alpha-olefin 
having 2 to 8 carbon atoms and a syndiotactic polypropylene. 
The copolymer may have a propylene content of more than 70wt% 
relative to the total weight of the copolymer. The propylene 
content may possess an isotacticity of less that 15%. The 
mean length of sequence of the syndiotactic sequences may be 
greater than about 20. 

The Derwent Abstract of JP-A-11-255252 relates to a lid for an 
air tight container. The lid has a soft circumference part 
made of synthetic resin containing ethylene -butadiene rubber 
and 85-95wt% syndiotactic polyethylene. The main body of the 
lid is made of synthetic resin containing 5 ~ 15wt % 
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polypropylene and syndiotactic polypropylene. The soft 

circumference part is integrated with the main body via a 
fitting groove in the soft circumference part. 

US-A-5 , 985 , 426 discloses a packaging film having a surface 
providing improved release properties from cold seal 
cohesives . The multi-layer polyolefin film includes a skin 
layer which comprises at least 99 . lwt % of one polymer selected 
from the group consisting of linear low density polyethylene, 
ethylene -but ene plastomer, syndiotactic polypropylene 

homopolymer, and high density polyethylene. 

The Derwent Abstract of JP-A- 07-214736 relates to a 
syndiotactic polypropylene resin composition which is 
laminated on the outside of an isotactic polypropylene blow- 
moulded base material. The composition comprises 20-80wt% 
crystalline polypropylene with 0.6 or more syndiotactic pentad 
proportion and 8 0-2 0wt% copolymer of propylene and alpha -omega 
diene . 

WO-A-00/29211 discloses a multilayer polyolefin laminate film 
where syndiotactic polypropylene is used in at least one non- 
outer layer together with a least two layers of an 
interpolymer of ethylene and at least one C 3 -C 20 alpha olefin. 
The syndiotactic polypropylene has a density of from 0.89 to 
0.90gm/cc, a melt index of from 0.5 to 2.0 dg/min and at least 
about 60% rrrr pentads measured using NMR. The film is 
disclosed for use in making a pouch for containing a flowable 
material for use in a vertical form fill seal packaging. 

It is known to produce a flexible medical pouch composed of 
two plastics films which are heat sealed together around their 
periphery with the pouch containing medical fluids, for 
example intravenous feeds, dialysis solutions, etc. The pouch 
is a mult i -compartment package and adjacent compartments are 
separated by an internal seal which may be ruptured on 
squeezing the package when it is desired to mix the two fluids 
in the compartments together. The known medical pouch 

comprises polyolefin films blended with other materials, for 
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example styrene-butadiene-styrene (rubbers) , for achieving 
flexibility of the films. This known pouch suffers from the 
disadvantage that multiple materials are required to form the 
pouch f which increases the cost and also reduces the 
recyclability of the pouch. In addition, the seals can 
rupture inadvertently . 

The Derwent Abstract of JP-A-2000 -00527 6 relates to a resin 
medical container having a number of chambers separated by a 
peelable seal located on heat -sealable adhesive portions of 
the container. The wall of the container is composed of a 
base layer, and the innermost inner layer comprises a resin 
mixture consisting of (A) syndiotactic polypropylene or 
propylene -ethylene random copolymer and (B) isotactic 
polypropylene at a ratio of 50:50 to 90:10 by weight. These 
containers are stated to keep transparency and flexibility 
even when heated at high temperature . 

There is a yet further need in the art for an improved medical 
pouch and manufacturing method. 

The present invention aims to provide these needs in the art. 

Accordingly, the present invention provides a method of 
sealing together polyolefin elements, the method comprising 
providing a first element including a polyolefin selected from 
at least one of polyethylene and isotactic polypropylene and a 
second element including a polyolefin selected from at least 
one of polyethylene and isotactic polypropylene, at least one 
of the first and second elements further including from 5 to 
99 wt% syndiotactic polypropylene (sPP) , and heat sealing the 
first and second elements together. 

Preferably, the first and second elements include, 
respectively, polyethylene and isotactic polypropylene. 

In one preferred aspect the first element is composed of a 
blend of from 25 to 75 wt% polyethylene and from 75 to 25 wt% 
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syndiotactic polypropylene and the second element is composed 
of isotactic polypropylene. 

In another preferred aspect the first element is composed of 
polyethylene and the second element is composed of a blend of 
from 25 to 75 wt% isotactic polypropylene and from 75 to 25 
wt% syndiotactic polypropylene. 

In yet another preferred aspect the first element is composed 
of a blend of from 25 to 75 wt% polyethylene and from 75 to 25 
wt% syndiotactic polypropylene and a second element is 
composed of a blend of from 25 to 75 wt% isotactic 
polypropylene and from 75 to 25 wt% syndiotactic 
polypropy 1 ene . 

The first and second elements may form a packaging when sealed 
together. . 

Preferably, the first and second elements comprise, in either 
order, a container body and a closure for the container body. 

Alternatively, the first and second elements may comprise a 
flexible pouch. Preferably, the flexible* pouch has at least 
two heat seals of different seal strength, the at least two 
heat seals comprising a first peripheral heat seal around the 
pouch and a second internal heat seal separating two 
compartments in the pouch, the second heat seal being weaker 
than the first heat seal and being rupturable for connecting 
to two compartments together. 

Yet more preferably, the first seal is formed at a higher 
sealing temperature than that of the second heat seal. 

In a yet further aspect, the first and second elements are 
films which are heat sealed together to form a multi-layer 
film. The heat sealing may be achieved by coextrusion of the 
films . 
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The present invention further provides a package comprising a 
container body and a closure for the container body and heat 
sealed thereto, the container body being formed of a first 
polyolefin selected from at least one of polyethylene and 
isotactic polypropylene and the closure being formed of a 
second polyolefin selected from at least one of polyethylene 
and isotactic polypropylene, at least one of the first and 
second polyolefins further including from 5 to 99 wt% 
syndiotactic polypropylene. 

The present invention still further provides a flexible pouch 
comprising two polyolefin films heat sealed together by a 
first peripheral heat seal around the pouch and a second 
internal heat seal separating two compartments in the pouch, 
the second heat seal being weaker than the first heat seal so 
as to be rupturable for connecting the two compartments 
together, the two polyolefin films being composed of an 
isotactic polypropylene blended with from 25 to 50 wt% 
syndiotactic polypropylenes . 

Preferably, the two polyolefin films are composed of an 
isotactic polypropylene blended with from 3 0 to 45 wt% 
syndiotactic polypropylene. 

The present invention still further provides a multi- layer 
film comprising at least one first film of polyethylene heat 
sealed to at least one second film of a blend of isotactic 
polypropylene, at least one of the first and second films 
further including syndiotactic polypropylene. The heat 

sealing may be achieved by coextrusion of the films. 

Preferably, the second film is a blend of from 80 to 60 wt% 
isotactic polypropylene and from 20 to 40 wt% syndiotactic 
polypropylene . 

More preferably, two of the first films are heat sealed to 
opposed surfaces of the second film so as to form opposed 
coating layers therefor. 
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The present invention also provides the use of syndiotactic 
polypropylene as a heat seal promoter between two polyolefin 
elements . 

The reason that sPP is believed to act as a heat seal promoter 
between two polyolefin elements is explained 'hereinbelow. 
Without being bound by theory it is believed that syndiotactic 
polypropylene is typically physico-chemically semi -compatible 
with polyethylene and polypropylene. This means that polymer 
chains of sPP have a tendency to entangle with polyethylene or 
polypropylene polymer chains when submitted to pressure in the 
molten state as in the case for example when heat sealing 
films under pressure or blending polymers in an extruder. 
Moreover, when sPP is blended into polyethylene or 
polypropylene, the sPP polymer chains are more easily 
entangled with other sPP chains instead of polyethylene or 
polypropylene chains. Hence, sPP has a tendency to form a two 
phase blend with good adhesion between the two phases . As a 
consequence, when sPP is blended with either polyethylene or 
polypropylene, the sPP will facilitate heat sealing of the 
blend on polypropylene or polyethylene respectively by 
creating entanglements of the sPP polymer chains with both of 
these polymers. Obviously, the presence of sPP in two 
different blends of sPP with polyethylene and polypropylene 
respectively will further facilitate heat sealing. 

In accordance with the present invention, the polyethylene 
(PE) may comprise very low density polyethylene (VLDPE) linear 
low density polyethylene (LLDPE) , low density polyethylene 
(LDPE) , medium density polyethylene (MDPE) or high density 
polyethylene (HDPE) having the following density ranges: below 
0.88 g/cm 3 for VLDPE; 0.88 to 0.950 g/cm 3 for LLDPE; 0.90 to 
0.92 5 g/cm 3 for LDPE; 0.92 0 to 0.94 0 g/cm 3 for MDPE; and 0.S3 5 
to 0.970 g/cm 3 for HDPE. The polyethylene may comprise a blend 
of two or more of these polyethylenes . The HDPE may be a 
homopolymer or a copolymer with an alpha- olefin as the 
comonomer, the alpha-olefin having from 3 to 10 carbon atoms. 
In the LLDPE, LDPE and MDPE, the comonomer is an alpha-olefin 
having from 3 to 10 carbon atoms, and may comprise for example 
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4-methyl pentene . The polyethylene may be made using any 
known catalytic process, for example using a chromium oxide 
based catalyst, a Ziegler-Natta catalyst or a metallocene 
catalyst . 

The isotactic polypropylene may be mono or multi-modal, and 
may be a homopolymer or a random copolymer where the comonomer 
is an alpha-olef in having from 2 or from 4 to 10 carbon atoms, 
or a terpolymer where the comonomers are alpha-olef ins having 
2 or from 4 to 10 carbon atoms. Alternatively, the isotactic 
polypropylene may be a blend of one or several homopolymer 
and/or copolymer and/or terpolymer polypropylenes. The 
polypropylene polymers may be produced either from Ziegler- 
Natta or metallocene catalysts. 

The syndiotactic or terpolymer polypropylene (sPP) may be a 
homopolymer or a random copolymer or a terpolymer where the 
comonomer is an alpha-olef in having 2 or from 4 to 10 carbon 
atoms. The sPP can be mono or multi-modal. The sPP may 
comprise a blend of different syndiotactic polypropylenes. 

In accordance with the invention, when two polyolefin elements 
are to be sealed together, in order to increase the heat seal 
compatibility between the two elements, sPP is incorporated 
into one or both of the elements in a range of from 5 to 99 
wt% sPP in the respective element, more preferably from 25 to 
75 wt% syndiotactic polypropylene, yet more preferably from 3 0 
to 60 wt% sPP. 

The strength of the seal between the two parts to be heat 
sealed together where one part is made of sPP/PE, sPP/PP or 
sPP/PE/PP and the other part is made of sPP/PE; sPP/PP; 
sPP/PE/PP; PP/PE; PP or PE can be tailored over a broad range 
of strength by adjusting the composition of the blends in 
particular by varying the sPP amount (s) . With the blends of 
the invention, it is possible to tailor the strength of the 
seal over a broad range of strength by adjusting the 
composition of the blends in particular by varying the sPP 
amounts. Moreover, for each given blend, the range of 
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temperatures that can be used to heat seal is broader than 
with copolymers not having sPP blended therewith. The heat 
seal temperature of blends containing polypropylene is lowered 
when sPP is incorporated into the blend. 

This provides manufacturing advantages such as shorter sealing 
time thus allowing productivity increase through a larger 
number of seals per unit time, or a reduced energy 
consumption . 

The sPP acts as a heat seal promoter and compatabiliser 
between polyethylene and polypropylene. Thus the blending of 
sPP allows polymers to be sealed together that otherwise would 
be very difficult to seal together. 

For some applications, the optical properties of the 
polyolefin layers are important. The optical properties of 
layers containing sPP are not altered compared to the same 
material without sPP for sPP concentrations below about 3 0 
wt% . 

The blends employed in accordance with the invention may be 
used to produce not only films, but also any other type of 
parts such as cups, buckets, containers, etc. The parts can 
be produced by, for example, extrusion processes used to make 
films, sheets, fibres, etc.; extrusion thermof orming 
processes, injection moulding, etc. The blends of the 

invention in particular allow the production of multi-layer 
films with adjacent layers made of polymers that are reliably 
heat sealed together, but otherwise would usually delaminate 
from each other without the use of sPP in the blend in 
accordance with the invention. The polyolefin elements to be 
sealed together in accordance with the invention may be used 
in a variety of different applications, but most particularly 
have use as packaging materials. The packaging materials can 
be films, containers, boxes, etc. 
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For example, the polyolef in elements may comprise a sealing 
film, for example of polypropylene, and a container, for 
example of polyethylene, either or both of which include sPP 
blended therein. Alternatively, the polyolef in elements may 
comprise a polypropylene container and a polyethylene sealing 
film, either or both of which may incorporate sPP blended 
therein. 

In a particular aspect of the invention, the packaging 
application comprises the production of a medical pouch formed 
of two polyolef in films heat sealed together. There is formed 
a strong peripheral seal and a weak internal seal which 
separates the pouch into two compartments. In use, the pouch 
is filled with two fluids, for example intravenous solutions 
which are required to be kept separate until needed for 
administration to a patient and then mixed when desired. The 
mixing may be achieved by squeezing the pouch which causes the 
internal seal to rupture, thereby permitting the two contents 
of the two pouches to be mixed together. The two films 
preferably comprise a random ethylene propylene copolymer' 
blended with from 2 5 to 5 0 wt% sPP, more preferably from 3 0 to 
45 wt%. By heat sealing the peripheral seal at a higher 
temperature than that employed for the internal seal, the 
internal seal can be made weaker than the peripheral seal, and 
thereby be permitted to rupture on squeezing of the pouch, 
without any danger of rupture of the peripheral seal. This 
provides a medical pouch for fluids which is composed 
completely of polyolef ins. 

In accordance with a preferred aspect of the invention, the 
range of temperatures through which the blends can be sealed 
is the broadest when the sPP concentration ranges from 25 to 
75 wt% in the relevant olefin element. Typical seal 

temperatures depend on the concentrations in the blends and 
the characteristics of the sealing technique. The present 
invention is not limited to heat sealing using not only heat 
but also pressure. For example, co-extrusion (for example of 
films) , laser or high frequency (induction) heat sealing may 
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also be employed as heat sealing processes in accordance with 
the invent ion . 

When the present invention is employed to make packagings, 
various types of packaging, for example for foodstuffs such as 
yoghurts, may be made, for example sealed caps, closures, 
pouches with multiple compartments such as medical pouches or 
food pouches etc. The invention can also be employed to 

produce protective packaging and tape, as well as food 
packaging . 

Embodiments of the present invention will now be described, by 
way of example only, with reference to the accompanying 
drawings, in which: 

Figure 1 is a graph showing a typical relationship between 
seal strength and sealing temperature for two heat sealable 
polyolefin elements produced in accordance with an embodiment 
of the invention and produced in accordance with the prior 
art ; 

Figure 2 is a schematic section through a heat seal container 
comprising a container body and a removable closure heat 
sealed thereto in accordance with a first embodiment of the 
present invention; 

Figure 3 is a schematic side view of a mul t i - compartment pouch 
comprising two films heat sealed together in accordance with a 
second embodiment of the present invention; 

Figure 4 is a schematic section through a mult i -layer 
polyolefin film in accordance with a further embodiment of the 
present invent ion ; 

Figure 5 shows the relationship between tensile strength 
(represented by a separation force for the seals) and heat 
seal temperature for polymer seals produced in accordance with 
the invention and not in accordance with the invention ; 
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Figure 6 further shows the relationship between tensile 
strength and heat seal temperature for yet further polymer 
seals in accordance with the invention and not in accordance 
with the invention; and 

Figure 7 shows the yet further relationship between tensile 
strength and heat seal temperature for yet ^further polymer 
seals in accordance with the invention and not in accordance 
with the invention. 

Referring to Figure 1, the graph shows a relationship between 
the seal strength and the sealing temperature for two 
polyolefin elements wherein, in accordance with the present 
invention, at least one of the polyolefin elements 
incorporates syndiotactic polypropylene in a blend with the 
polyethylene or isotactic polypropylene of the respective 
polyolefin element . The relationship between the seal 

strength and sealing temperature is marked as line A. The 
line marked B represents the corresponding relationship 
between the seal strength and the sealing temperature for the 
corresponding polyolefin elements neither of which 
incorporates syndiotactic polypropylene and thus the elements 
have been sealed together by a method not in accordance with 
the present invention. 

It may be seen by comparison of lines A and B that by blending 
sPP into one or both of the polyolefin elements in accordance 
with the present invention, the curve representing the 
relationship between the seal strength and the sealing 
temperature has a much lower slope. This means not only that 
the sealing temperature range to achieve a given seal strength 
is broadened, but also the seal strength can readily be 
tailored to a desired value. 

In accordance with the known heat sealing method represented 
by plot B, the sealing temperature range to achieve a seal of 
the required strength, marked as range r in Figure 1, is 
typically on the order of only a few degrees centigrade, for 
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example 2 to 5°C. In contrast, by blending sPP into one or 
both of the polyolefin elements, the sealing temperature range 
is broadened significantly, for example to - the value R shown 
in Figure 1. This greatly enhances the prospect of a reliable 
seal being achieved, particularly in commercial production. 
It may also be seen that by sealing at different temperatures, 
the use of sPP permits seals of differing strength readily to 
be achieved simply by varying the sealing temperatures. This 
permits seals of different strength readily to be incorporated 
into the same product, for example in the medical pouch 
referred to hereinabove. Since the seal strength varies over 
a relatively broad sealing temperature range, the sealing 
temperature can readily be varied so as to enable the desired 
seal strength to be achieved in a controlled fashion. Plot A 
of Figure 1 only represents a single composition. It is 
possible to adjust the composition of a blend to vary the 
slope of the line, thereby to enable the strength of the seal 
further to be tailored. The same applies to the broadening of 
the sealing temperature range by adjusting the composition of 
the blend. 

Referring to Figure 2, there is shown a sealed package 
designated generally as 2 comprising a container body 4 having 
a removable closure 6 heat sealed thereto around a peripheral 
upper f lange 8 of the container body 4 . Such packages are 
well known, for example for packaging foodstuffs such as 
yoghurts. The container body 4 may be composed of isotactic 
polypropylene and the removable closure 6 may be composed of 
polyethylene, and either or both of the container body and 
removable closure 6 may be blended with sPP, Alternatively, 
the container body 4 may be composed of polyethylene and the 
removable closure 6 may be composed of polypropylene, with 
either or both of the container body 4 and the removable 
closure 6 being blended with sPP. 

Figure 3 shows an embodiment of a multi- compartment pouch, in 
particular a medical pouch, in accordance with the invention. 
The medical pouch, designated generally as 10, comprises two 
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polyolefin films 12,14 which have been heat sealed together to 
form a peripheral seal 16 around the pouch 10 and an internal 
seal 18 separating two compartments 20,22 in the pouch 10. In 
use, the two compartments 20,22 typically comprise liquid 
products (e.gr. aqueous solutions, for example for intravenous 

use) which are intended to be kept separate until they need to 
be mixed together for administration to a patient. The 
internal seal 18 is weaker than the peripheral seal 16 so as 
to be rupturable upon application of a force to the medical 
pouch 10, for example by manual squeezing. The two polyolefin 
films 12,14 are typically each composed of a random ethylene 
propylene copolymer blended with sPP wherein sPP comprises 2 5 
to 5 0 wt% in the blend. The peripheral and internal seals 
16,18 have been formed by heat sealing the peripheral seal 16 
at a higher temperature than that of the internal seal 18. As 
made clear from Figure 1, the use of a higher sealing 
temperature when the polyolef ins incorporate sPP in accordance 
with the invention, enables a higher seal strength to be 
achieved. In this way, the peripheral seal 16 can be provided 
with a high seal strength which is sufficiently high to 
prevent rupture of the peripheral seal 16 either inadvertently 
or when it is intended to rupture the lower strength internal 
seal 18. Moreover, the internal seal 18 strength can be 
reliably controlled so that it does not rupture inadvertently 
prior to use. 

In accordance with this embodiment, a medical pouch 10 is 
provided which not only provides a reliable internal seal, 
which overcomes the problems of the known medical pouch 
referred to hereinabove, but also is composed solely of 
polyolef ins, which improves the recyclability of the medical 
pouch . 

Figure 4 shows an embodiment of a multi-layer film produced in 
accordance with the invention. Referring to Figure 4, the 
multi-layer film 30, designated generally as 30, comprises a 
central core layer 32 of isotactic polypropylene sandwiched 
between two opposed outer layers 34,36 of low density 
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polyethylene. The film 3 0 is a heat shrinkable film wherein 
the polypropylene imparts to the multi -layer film 3 0 not only 
good rigidity but also optionally good heat shrinkage 
properties. In accordance with the invention, sPP is blended 
into the isotactic polypropylene in a preferred amount of from 
10 to 40 wt % . The sPP acts as a compatibiliser between the 
central core layer 3 2 of isotactic polypropylene and the 
proposed outer layers 34,36 of low density polyethylene, 
enabling the sandwich of layers 32,34,36 to be adhered 
together by heat sealing without requiring an adhesive. The 
heat sealing is, in this embodiment, achieved by co-extrusion 
of the layers 32,34,36 of the multi-layer film 30. 

Without being bound by theory, it is believed that the sPP 
acts a heat seal promoter and compatabiliser between two 
polyolefin elements by the sPP being dispersible in each 
element. Consequently, on heat sealing, the sPP when present 
initially in either one or both of the polyolefin elements to 
be heat sealed together, acts to bond the two elements 
together. When one polyolefin element is composed of 

polyethylene and the other polyolefin element is composed of 
polypropylene, the sPP has a melting temperature between those 
of the polyethylene and the- polypropylene. It is believed, 
without being bound by theory, that this assists the sPP 
acting as a heat seal promoter between the two heat sealed 
polyolefin elements of different compositions. 

The present invention will now be described in greater detail 
with reference to the following non-limiting Examples. 

In these Examples, a variety of materials was employed, in 
particular an LLDPE, an LDPE, an MDPE, an sPP and a random PP, 
having the respective density, melt index, heat seal 
temperature and melt temperature shown in Table 1. In this 
specification, the melt index MI 2 for the polyethylene polymers 

was measured at 190°C under a load of 2.16 kg according to the 
procedures of ISO 1133 Condition 4 and the melt index MI 2 for 
the polypropylene polymers was measured at 2 3 0°C under a load 
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of 2.16 kg according to the procedures of ISO 1133 Condition 
16 . 

It is to be noted that for the heat seal temperatures 
specified in Table 1 the heat seal temperatures are dependent 
on film thickness . The values specified in Table 1 are for 
the films used in accordance with this Example and the 
remaining Examples. The melting temperatures are merely given 
as an indication since the melting temperature can vary 
according to the grades within each family of resins, namely 
LLDPE, LDPE , etc.. The melting temperature varies most for 
random polypropylene since this is dependent on comonomer 
content, which in turn can vary greatly. 

The LLDPE was a product available under the product 
designation LL18 KFA from the company Mont ell ; the LDPE was a 
product available under the product designation LB 503 from 
Fina Oil and Chemical Inc.; the MDPE was a product available 
under the product designation HF 513 from Fina Oil and 
Chemical Inc.; the sPP was the product available under the 
product designation EOD 96-3 0 from the company Fina Oil and 
Chemicals Inc . ; and the random polypropylene was a product 
available under the product designation 742 5 from Fina Oil and 
Chemical Inc . 

EXAMPLE 1 

In accordance with this Example, 15 0 micron thick blown films 
of different polyethylene polymers or blends were heat sealed 

to each other at two different heat seal temperatures of 145°C 

and 155°C for a period of 2 seconds under a force of 40 
Newtons . 

In accordance with this Example, the blown films of LDPE, 
LLDPE and MDPE were sealed to a film composed of different 
blends of the sPP and random polypropylene having varying 
amounts of sPP and random polypropylene in the blends, and the 
results, using two sealing temperatures for each of the LDPE, 
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LLDPE and MDPE , are shown in Table 2. Table 2 indicates a 
qualitative rating of the strength of the seal for each of the 
combination of the 150 micron thick films that were heat 
sealed to each other at the two different temperatures. 

From Table 2 , it may be seen in general that an increase in 
the proportion of sPP in the random PP tends to enhance the 
seal strength. Moreover, for each of the starting materials 

LDPE, LLDPE and MDPE,. the higher sealing temperature of 155°C 
tends to provide an improved seal strength as compared to the 
lower sealing temperature of 145°C. In addition, the LLDPE and 
the MDPE tend to provide an improved seal under the same 
conditions as compared to the LDPE. 

EXAMPLE 2 

In this Example, the seal strength of films produced from a 
blend of 6 0 wt% LDPE and 4 0 wt% sPP with a second material 
selected from a blend of 6 0 wt% LLDPE/4 0 wt% sPP; random, 
polypropylene; a blend of 85 wt% random polypropylene/ 15 wt% 
sPP; a blend of 65 wt% random polypropylene /3 5 wt% sPP; and a 
blend of 35 wt% random polypropylene/65 wt% sPP were 
investigated using varying sealing temperatures. The blends 
were made by dry blending pellets of the polyolef in components 
of the blends in the requisite proportions and extruding the 
blends into around 110 micron thick cast films on a Plasti- 
Corder (Registered Trade Mark) extruder available from the 
company Brabender and having a 19 mm diameter screw with a 
length/diameter ratio of 25. The films were then heat sealed 
on a Brugger (Registered Trade Mark) heat seal machine at 

temperatures ranging from 125°C to 145°C under a force of 4 0 
Newtons for a period of 1 second. The strength of the seals 
was then measured on an Instron tensile tester after a period 
of 24 hours had elapsed following sealing. The tensile 
strength results are shown in Table 3 . The tensile strength 
is represented by the separation force (in Newtons) of the 
seals. The tensile strength was the strength of 1.0 cm long 
seals between the cast films. A tensile strength of 0 means 
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that the seal was peelable, and had a seal separation force of 
from 0 to 3 Newtons . 

The results in Table 3 show that depending on the heat seal 
temperature and on the materials, the strength of the seal 
ranged from a peelable seal to a strong seal . 

The relationship between the tensile strength and the sealing 
temperature for the various heat seals formed in this Example 
is also shown in Figure 5. Figure 5 also shows the 

relationship between tensile strength and heat seal 
temperature for other polymer seals not in accordance with the 
invention. 

From Table 3 and Figure 5 it may be seen that when the 6 0 wt% 
LLDPE/40 wt% sPP blend is heat sealed onto the same material, 

this blend can be heat sealed from a temperature of 12 0°C to 
achieve a peelable seal . This minimum temperature is around 
5°C lower than sealing temperatures achievable with the same 
pure LLDPE . Using the 60 wt% LLDPE/40 wt% sPP blend, the 
maximum seal strength is the same as that achievable with the 
pure LLDPE. As a consequence, by incorporating sPP into the 
LLDPE, an increase in seal strength can be achieved over a 
broader range of sealing temperatures. 

It may also be seen that the 60 wt% LLDPE/4 0 wt% sPP can be 
heat sealed onto pure random polypropylene, giving a peelable 

seal at sealing temperatures of from 12 0 to 13 0°C. At higher 
sealing temperatures, a stronger seal can be achieved, but 
this is limited to around 12 Newtons. When the 60 wt% 
LLDPE/40 wt% sPP is heat sealed onto either the 85 wt% random 
PP/15 wt% sPP or 65 wt% random PP/35 wt% sPP, only a peelable 
seal is achieved over the entire sealing temperature range 
tested. In contrast, when the 60 wt% LLDPE/40 wt% sPP is heat 
sealed onto a 35 wt% random PP/65 wt% sPP blend, as shown in 

Figure 5, a peelable seal is achieved at 125°C, whereas a 
stronger seal is achieved at temperatures of 130°C and above. 
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The seal strength regularly increases from 0 (i.e. peelable) 
to the same seal strength of the pure LLDPE when the 
temperature is above 145°C up to 155°C. Accordingly, the 
incorporation of sPP into the random PP at an amount greater 
than about 4 0 wt% sPP in the random PP not only broadens the 
range of temperatures to which the sealing is performed, but 
also increases the ultimate seal strength. 

In contrast, when the pure LLDPE is heat sealed onto itself, 
there is a rapid increase of the seal strength from 0 to 21 

Newtons when the sealing temperature increases from 125°C. 
This corresponds broadly to plot B of Figure 1 . Over this 
temperature range, the seal strength keeps increasing with 
sealing temperatures. In contrast, when the 60 wt% LLDPE/40 
wt% sPP is blended onto itself, the plot is similar to plot A 
of Figure 1 where the increase in ultimate seal strength is 
substantially the same as that of the pure LLDPE, but seal 
strengths can be achieved over a broader temperature range . 

The pure LLDPE film does not heat seal onto the pure random PP 
film. It may thus be seen that the incorporation of sPP into 
the LLDPE to form a blend thereof enables heat sealing of the 
LLDPE onto the random PP . 

EXAMPLE 3 

In accordance with this Example, the seal strength of a second 
blend comprising 8 0 wt% LLDPE/2 0 wt% sPP with a second 
material over a variety of sealing temperatures was tested. 
The results are shown in Table 4. As for Table 3, the 
designation 0 means that a peelable seal was achieved (with a 
separation force of from 0 to 3 Newtons) , but a hyphen means 
that no seal was made . 

The results are also shown in Figure 6. 

It may be seen from Table 4 and Figure 6 that the 8 0 wt% 
LLDPE/2 0 wt% sPP blends can be heat sealed to each other at a 
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temperature of from 130°C. This temperature is around 5°C 
lower than the corresponding sealing temperature for the pure 
LLDPE and the maximum seal strength is slightly lower than 
with the pure LLDPE. The 80 wt% LLDPE/20 wt% sPP blend only 
achieves a peel able seal with the random polypropylene and the 
65 wt% random polypropylene/ 3 5 wt% sPP blend. On the other 
hand, the 80 wt% LLDPE/20 wt% sPP blend does heat seal to 

achieve a strong seal at a temperature above 14 0°C on the 3 5 
wt% random PP/65 wt% sPP blend. At lower temperatures only a 
peelable seal is achieved. 

EXAMPLE 4 

In this Example, the seal strength of the random polypropylene 
either unblended or blended with various amounts of sPP, with 
the sealing being to the same material, was tested at various 
sealing temperatures and the tensile strengths were measured, 
represented by a seal separation force in Newtons . The 
results are shown in Table 5 and Figure 7 . 

The seal strength of the pure random PP rapidly increases from 
0 to 3 7 Newtons over a sealing temperature range of 10°C 

starting at 135°C. When 15 wt% sPP is blended into the random 
PP, the sealing curve is shifted to lower temperatures by 
around 5°C but the heat sealing temperature range is not 
broadened. When 35 wt% sPP is blended into the random PP, 
there is a much greater broadening of the sealing temperature 
range. Very weak (peelable) seals are observed for sealing 

temperatures between 12 0 and 12 5°C. The seal strength then 
continues to rise rapidly with temperature over a temperature 
range of 10°C. Thereafter, the strength continues to rise less 
quickly over another range of 10°C of sealing temperatures. In 

total, the sealing temperature range extends over 25°C. This 
is significantly broader than the sealing temperature range of 
the pure random PP. When 65 wt% sPP is blended into the 
random PP, the relationship between the tensile strength and 



22 



WO 02/02322 



PCT/EP01/07311 



the sealing temperature shows a shape reasonably similar to 
that of the 8 5 wt% random PP/15 wt% sPP blend, but slightly 
shifted to lower temperatures. 

The amount of sPP incorporated into the polypropylene or 
polyethylene polymers is preferably such as not significantly 
to increase the haze of the polymers, for example when the 
polymers are blown into films. The optical properties of 
layers containing sPP are not significantly altered compared 
to the same material without blended sPP for sPP 
concentrations below about 30 wt% . Table 6 shows the optical 
properties of both pure LLDPE and random PP, and for blends of 
LLDPE and random PP with sPP in the stated proportions, for 
the cast films of around 110 micron thickness. It will be 
seen that for the LLDPE , the blending of sPP into the LLDPE 
increases the haze of the material, but the haze is lower at 
sPP amounts of 20 wt%. For the random PP, the haze is 
increased for a blend with 15 wt% sPP, but then decreases for 
increasing amounts of sPP of 35 wt% and 65 wt% to haze values 
lower than that of the pure random sPP. 
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Material 


Density 
(g/cm 3 ) 


MI 2 
(g/lOmin) 


Heat Seal 
Temp (°C) 


Melt Temp 
(°C) 


LLDPE 


0 .912 


1.0 


~130 


~120 


LDPE 


0 . 922 


0 .3 


~104 


~110 


MDPE 


0 . 934 


0 . 2 


"116 


~123 


sPP 


0 . 89 


3 .5 


~100 


128 


Random PP 


0 . 90 


3 . 9 


~140 


139 



TABLE 2 





sPP/Random PP weight ratio 


Material 


Sealing Temp 
(°C) 


5/95 


10/90 


15/85 


20/80 


30/70 


LDPE 


145 












LDPE 


155 












LLDPE 


145 










+ 


LLDPE 


155 










+ + 


MDPE 


145 










+ 


MDPE 


155 




+ 


+ 


+ 





represents very poor 

represents poor 
represents average 



+ represents good 

++ represents very good 
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Seal strength of 60wt% LLDPE/40wt% sPP with second material 





Tensile Strength of Seal (N) 


Sealing 
Temp 
(°C) 


6 0wt% LLDPE/ 
40wt% sPP 


Random 
PP 


85wt% Random 
PP/l5wt% sPP 


65wt% Random 
PP/35wt% sPP 


3 5wt % Random 
PP/65wt% sPP 


120 


0 


0 


0 


0 


0 


125 


6 


0 


0 


0 


0 


13 0 


10 


0 


0 


0 


6 


135 


21 


12 


0 


0 


8 


140 


22 


12 


0 


0 


15 


145 


23 


6 


0 


0 


22 


0 = peel able seal 


i.e. Tensile Strength = 0-3N) 



TABLE 4 

Seal Strength of 80wt% LLDPE/2 Owt % sPP with second material 





Tensile Strength of Seal (N) 


Sealing 


80wt% 


Random 


65wt% Random 


35wt% Random 


Temp 


LLDPE/2 0wt% 


PP 


PP/35wt% sPP 


PP/65wt% sPP 


(°C) 


sPP 








120 




0 


0 


0 


125 




0 


0 


0 


130 


0 


0 


0 


0 


135 


19 


0 


0 


0 


14 0 


20 


0 


0 


0 


145 


21 


0 


0 


11 



0 = peelable seal (i.e. Tensile Strength = 0-3N) 
- - no seal made 
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Tensile Strength of Seal (N) 


Sealing 
Temp 
(°C) 


Random PP 
+ 

Random PP 


85wt% Random 
PP/15wt% sPP 
+ 

85wt% Random 
PP/l5wt% sPP 


65wt% Random 
PP/35wt% sPP 
+ 

65wt% Random 
PP/35wt% sPP 


35wt% Random 
PP/65wt% sPP 
+ 

3 5wt% Random 
PP/65wt% sPP 


120 






0 




125 






3 




13 0 




0 


14 


0 


135 


0 


17 


28 


29 


140 


24 


34 


30 


30 


145 


37 


35 


34 


32 



0 = peelable seal 
= no seal made 



TABLE 6 



Material 


Haze % 


Gloss % 


Thickness 
(|xm) 


LLDPE 


6.8 


22 . 8 


ill 


60wt% LLDPE/40wt% sPP 


30.8 


21.5 


115 


8 0wt% LLDPE/2 0wt% sPP 


19.3 


41.9 


111 


Random PP 


15 


58 . 6 


104 


85wt% Random PP/ 
15wt% sPP 


26 


47.4 


106 


65wt% Random PP/ 
3 5wt% sPP 


11 .2 


50 . 7 


112 


3 5wt% Random PP/ 
65wt% sPP 


9.2 


52 .4 


112 
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CLAIMS : 

1. A method of sealing together polyolefin elements, the 
method comprising providing a first element including a 
polyolefin selected from at least one of polyethylene and 
isotactic polypropylene and a second element including a 
polyolefin selected from at least one of polyethylene and 
isotactic polypropylene, at least one of the first and second 
elements further including from 5 to 99 wt% syndiotactic 
polypropylene, and heat sealing the first and second elements 
together . 

2. A method according to claim 1 wherein the first and 
second elements include, respectively, polyethylene and 
isotactic polypropylene. 

3 . A method according to claim 1 or claim 2 wherein the 
first element is composed of a blend of from 25 to 75 wt% 
polyethylene and from 75 to 25 wt% syndiotactic polypropylene 
and the second element is composed of isotactic polypropylene. 

4. A method according to claim 1 or claim 2 wherein the 
first element is composed of polyethylene and the second 
element is composed of a blend of from 25 to 75 wt% isotactic 
polypropylene and from 75 to 25 wt% syndiotactic 
polypropylene . 

5. A method according to claim 1 or claim 2 wherein the 
first element is composed of a blend of from 25 to 75 wt% 
polyethylene and from 75 to 25 wt% syndiotactic polypropylene 
and a second element is composed .of a blend of from 2 5 to 75 
wt% isotactic polypropylene and from 75 to 25 wt% syndiotactic 
polypropylene . 

6. A method according to any foregoing claim wherein the 
first and second elements form a packaging when sealed 
together . 
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7. A method according to any foregoing claim wherein the 
first and second elements comprise, in either order, a 
container body and a closure for the container body. 

8 . A method according to any one of claims 1 to 6 wherein 
the first and second elements comprise a flexible pouch. 

9. A method according to claim 8 wherein the flexible pouch 
has at least two heat seals of different seal strength, the at 
least two heat seals comprising a first peripheral heat seal 
around the pouch and a second internal heat seal separating 
two compartments in the pouch, the second heat seal being 
weaker than the first heat seal and being rupturable for 
connecting to two compartments together. 

10. A method according to claim 9 wherein the first heat seal 
is formed at a higher sealing temperature than that of the 
second heat seal . 

11. A method according to any one of claims 1 to 5 wherein 
the first and second elements are films which are heat sealed 
together to form a multi-layer film. 

12. A method according to claim 11 wherein the films are heat 
sealed together by co-extrusion. 

13 . A package comprising a container body and a closure for 
the container body and heat sealed thereto, the container body 
being formed of a first polyolefin selected from at least one 
of polyethylene and isotactic polypropylene and the closure 
being formed of a second polyolefin selected from at least one 
of polyethylene and isotactic polypropylene, at least one of 
the first and second polyolefins further including from 5 to 
99 wt% syndiotactic polypropylene. 

14. A flexible pouch comprising two polyolefin films heat 
sealed together by a first peripheral heat seal around the 
pouch and a second internal heat seal separating two 
compartments in the pouch, the second heat seal being weaker 
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than the first heat seal so as to be rupturable for connecting 
the two compartments together, the two polyolefin films being 
composed of an isotactic polypropylene blended with from 25 to 
50 wt% syndiotactic polypropylene. 

15. A flexible pouch according to claim 14 wherein the two 
polyolefin films are composed of an isotactic polypropylene 
blended with from 3 0 to 4 5 wt% syndiotactic polypropylene. 

16. A mult i -layer film comprising at least one first film of 
polyethylene heat sealed to at least one second film of a 
blend of isotactic polypropylene, at least one of the first 
and second films further including syndiotactic polypropylene. 

17. A multi-layer film according to claim 16 wherein the 
films are heat sealed by co-extrusion. 

18. A multi-layer film according to claim 16 or claim 17 
wherein the second film is a blend of from 80 to 60 wt% 
isotactic polypropylene and from 20 to 40 wt% syndiotactic' 
polypropylene . 

19. A multi-layer film according to any one of claims 16 to 
18 wherein two of the first films are heat sealed to opposed 
surfaces of the second film so as to form opposed coating 
layers therefor. 

20. Use of syndiotactic polypropylene as a heat seal promoter 
between two polyolefin elements heat sealed together. 
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FIG. 5 




Temperature [°C] 



-♦- LLDPE/sPP 60/40 on LLDPE/sPP 60/40 
LLDPE/sPP 60/40 on random/sPP 35/65 
-e- LLDPE on LLDPE 
-B- LLDPE/sPP 60/40 on random PP 

FIG. 6 
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FIG. 7 




Temperature [°C] 
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